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We have studied the human physiological change in the exposure of the extremely low frequency (ELF) 
electric field. In this study, the change in the human peripheral blood flow in the field exposure has been found. 
To elucidate the mechanism of this phenomenon, we investigated the possibility of the blood property change 
in experiments. First, we exposed an electric field to a human subject, then examined the aggregation of the 
red blood cells (RBC’s) in the blood sample under a microscope. It was found that the aggregability of the 
RBC’s increased due to the field exposure. In the analysis of the dose-response, the aggregability was found 
to be strongly dependent on the magnitude of the applied electric field. To investigate this mechanism further, 
we exposed an electric field directly to the blood itself on the slide glass under a microscope. The similar 
change in the aggregability was observed as in the case of the human body exposure. Through these analyses, 
the following possibilities were confirmed. The property change of the blood can be one of the causes of the 
blood flow change in the field exposure. This change can be caused by not only the physiological change in 
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 実験装置の概略を Fig.1 に示す．電界曝露には，
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市販の理学診療用高圧交流電界装置（ヘルストロン 









温 25～27 ℃，湿度 70～80 ％と一定に保った． 
 
 
Fig.1 Experimental system for electric field 
exposure to human body. 
 
 実験手順を Fig.2 に示す．まず被験者が実験室環
境に適応するよう 5 分間の安静期間（rest 1）を設













イドガラス中央に被験者より採取した血液 1 μℓ を
滴下し，カバーガラスを被せて観察試料とした． 
 顕微鏡下の観察試料を撮影し，画像解析ソフト






球は、面積 28.21～63.60 μm2，円形度 60～100 %，
















 実験結果を Figs.4 - 5 に示す．Fig.4 は，擬似電界
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Fig.4 Temporal change of normal and aggregated RBC’s 
ratios in sham exposure of human body. 
 
 
Fig.5 Temporal change of normal and aggregated    
   RBC’s ratios in human exposure with 30 kV field-






験では，電界発生のための印加電圧値を 20 kV，10 
kV に変化させ，血液性状変化の程度を調べた．印加
電圧値以外の条件は，すべて前節と同様である． 
 実験結果を Figs.6 - 8 に示す．Fig.6 は，20 kV 印
加の場合，曝露前後における分散および凝集赤血球















Fig.6 Temporal change of normal and aggregated RBC’s 





Fig.7 Temporal change of normal and aggregated RBC’s 
ratios in human exposure with 10 kV field-





Fig.8 Dependence of normal and aggregated RBC’s 
ratios on field-generating voltage in human 
exposure. 
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N = 15 
*: p < 0.01 
N = 15 
**: p < 0.05 
N = 15 
*: p < 0.01 
N = 15 *: p < 0.01 **: p < 0.05 
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よび電流密度は 20 Vpp の場合の約 4 倍であった．    
電源には，信号発生器（Wave Factory WF1943 
最大 20 Vpp エヌエフ回路設計ブロック）を用
い，低ノイズ正弦波形を発生させた．また，本実
験では血液を長時間体外に取り出すため，自家調
整した抗凝固剤（0.2％ EDTA - 2Na）を使用し
た．まず，抗凝固剤をスライドガラス中央に 0.5 
μℓ 滴下して乾燥させた後，被験者より採取した血
液 1.0 μℓ をその上に滴下し，観察試料とした．被
験者は，前節と同じ健常成人男性 15 名である． 
実験手順を Fig.10 に示す．曝露時間（sham 
exposure, exposure）は 10 分間とし，曝露前後に
10 分ずつ観察期間（rest 1, rest 2）を設けた．ま
た，画像観察はそれぞれの期間において，5 分毎
に行い，計 7 回行った． 
実験結果を Figs.11 - 13 に示す．Fig.11 は，擬似
電界曝露時すなわち印加電圧 0 Vpp の結果であ
る． 
 
Fig.9  Appearance of slide glass to expose electric field 
to sampled blood under microscope. 
 
 





次に，血液試料に対し 10 Vpp および 20 Vpp の
50Hz 交流電圧を印加した場合の結果を，それぞれ
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Fig.11 Temporal change of normal and aggregated RBC’s 





Fig.12 Temporal change of normal and aggregated 
RBC’s ratios in blood-sample exposure with 10 





Fig.13 Temporal change of normal and aggregated 
RBC’s ratios in blood-sample exposure with 20 






Fig.14 Temporal change of normal and aggregated RBC’s 





Fig.15 Dependence of normal and aggregated RBC’s 
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